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3 ~ , The 16th ITTC ‘\Resistance Committee made a proposal of cooperative experimental EARNT Y

research program for‘?hip resistance and flow around hull to construct standard data ;‘-’:}:-C"'-.
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base. In Japan thrggyorganizationf the University of Tokyo (UT), Ship Reseach ,"_-.,‘:”~
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Institute(SRI) and Ishikawajima-Harijna Heavy Industries Co.,Ltd.(IHI) responded to =
the proposal of the Committee and g:okohama National Universit@{(YNU) joined this AN
b SRR

RS

program in the later time . They“conducted the experiments on,Wigley parabolic NP

. . . . . . . . { s ) LY
- model in order to investigate the scale effect of ship resistance using geosim models’ ... 7~ = S

of e% 6 m,length in II:@ 4 m, fenguthsai_prSR;f',\‘g.j Mm)fength‘ in'UT and 2 r&&ength in YNU. iiwm
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“The experiments were separately performed on the following items and cooperatively E« Al i

~

analyzedy
(l)gResistance test
(2) Wave pattern analysis 5 ANl )
(3) Wake survey

(4) Wave profile measurement , v a :

(5) Pressure measurement on hull surface , -, < e
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YNU separately performed the measurement of boundary layer around the hull.,’ 127 272/ o

"3 per fprnned T ’ . . o
3 PErT ‘l_' The report of the cooperative experiment was presented to the Resistance ok
Committee of the IZMTTC at Varna, Bulgaria;in September, 1983. This paper 5.
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~—describes the summar,S( of’the repor&extractmg principal data of experiments in order }1
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to serve as a reference for the theoretical prediction of ship resistance. %

Nomenclature

Crt RT/Zij’UzS Total resistance coefficient
Cw Rw/%YUZS Wave resistance coefficient derived from towing test

Cwp RM’/%?UZS Wave resistance coefficient derived from wave pattern analysis

Cro Frictional resistance coefficient (Schoenherr)

Crr Resistance coefficient derived from integrating hull surface pressure
Cp Pressure coefficient = (p-p )ApU*

Fn Froude number = U/ygl i

S Wetted surface area at rest defined by S=Cs.L(2D+B) Cs=0.661
L Waterline length (=Lpp for Wigley model)

B Beam at midship

D Draft at midship

H,Ho Total head (H,=U/g)

Rn Reynolds number = LU/Y

THL Total head loss  =(H,-H)/Ho

U Model speed of advance

b B/2

dp, odp Draft at FP, its increase from the rest

dy, adp Draft at AP, its increase from the rest

g Gravitational acceleration = 9.8 m/sec?

k Three dimensional form factor on flat plate skin friction

ko Wave number = g/U*
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1 L/2

t Trim (positive for bow up) = (da-dg)/L
T 2ko-L.t

s Sinkage = (adg+ada)/2L

o~ 2k, L.s

Nondimensional wave elevation = k°5(x)

Wave elevation

v Kinematic viscosity

f Mass density

X,Y,Z Coordinate system fixed in space
x',y',z! Coordinate system fixed in ship
FR Free to sink and trim

FX Fixed to sink and trim
S-FR.T-FX  Free to sink, fixed to trim
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1. General notes
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A) Model size .

—_— e
IHI SRI  UT YNU O
L (m) 6.0 4.0 2.5 2.0 K <13
B (m) 0.6 0.+ 025  0.25 o
D(m) | 0.375 0.25 0.156  0.125 RIS

Hull form; y = B/L[l—(Zx/L)zl [1-(2/D)2] AN

B) Items of experiment S

HI | SRI uT YNU T
| Resistance test FR | FR,FX| FR,FX, S-FR.T-FX | FR,FX R
2 Wave pattern analysis | FR | FR,FX| FR,FX, S-FR.T-FX | FR oy
3 Wake survey FR | FR FR FR —
4
5

Wave profile on hull FR | FR,FX|[FR,FX, S-FR.T-FX
Pressure on hull FR FR FR, FX
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C) Boundary condition
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IHI SRI uT YNU \_\1-:
Turbulent stimulator stud AN
Height*Spacing (mm) at x/1=-0.9 | 3¥10 3*10 2¥%10 2%10 RS
Tank section, BT*DT (m) 10*5 18%8 3.5%2.35 | 3%3.5
Towing height from keel (mm) 330 255 103
Speed measurement Current'Ground Ground ¢ Ground

! speed ‘ speed speed speed
8
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2. Results of resistance test and wave analysis

l'.l .

:
Figure 1 shows the total reststance (Cy),frictional resistance(Schoenherr,Czp), wave ?—-
resistance (Cw) and wave pattern resistance (Cwp) for three models of 6.0m, 4.0m f‘:
and 2.5m length on the condition of free to sink and trim (FR). Wave resistance is £

derived using form factor on skin friction. ___;_j
Wave pattern resistance is derived by the method of Newmwn-Sharma. Distance of
measuring plane of wave profile from the center line of the model is as follows,
| HI SRI  UT  YNU
y/l | 1.667 1.0 1.4 4.0

Figure 2 shows Cy ,Cro,Cw and Cwp for two models of 4.0m and 2.5m length on the

condision of FX.
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Figure 3 shows Cy ,Cgo,Cw and Cwp for the 2.5m length model on the condition of
FR, FX and S-FR,T-FX. i
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Figure 4 shows the sinkage and trim of three models of 6.0m, 4.0m and 2.5m length.

Figure 5 shows Cy,Cgo ,Cw and Cwp of the 2.0m length model en the condition of
FR and FX.
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Fig.3 The results of resistance test and wave pattern analysis of 2.5m model
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3. Results of wake survey

Condition of wake survey

IHI  SRI uTt YNU

Position of measuring

section from AP (x/1) 1.0 L0 1.0 1.0
Froude number Water Temp("C )
IHI (FR) 0.267 0.316 16.6
SRI (FR) 0.250 0.267 0.289 0.316 10.6
UT (FR) 0.250 0.267 0.289 0.316 20.9
YNU (FR) | 0.230 0.276 0.309 0.343 0.377

Figure 6 shows an example of the contour of nondimensional total head loss \H -H)/H

for three models of 6.0m, 4.0m and 2.5m legth on the condition of FR.

Figure 7 shows an example of comparison of horizontally integrated total head loss

for three models of 6.0m, 4#.0m and 2.5m length.
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4. Results of wave profile measurement on the hull
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Froude number

IHI (FR) 0.250 0.267 0.239 0.316

SRI (FR) 0.250 0.267 0.289 0.316

SRI (FX) 0.250 0.267 0.285 0.316

UT (FR) 0.250 0.267 0.287 0.316 0.354 0.408
UT (FX) 0.250 0.267 0.289 0.316 0.354 0.408
UT(S-FR.T-FX)|0.250 0.267 0.289 0.316 0.354% 0.408
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Figure 8 shows the comarison of wave profile on the hull on the condition of FR,
where § is nondimensional wave elevation ( = gS(x)/Uz)

Table 1 gives nondimensional wave elevation for three models of 6.0m ,4.0m and 2.5m
length.
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Table I The nondimensional wave elevation on the hull
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5. Results of pressure measurement on the hull surface

Condition of pressure measurements

Froude number

IHI (FR)
SRI (FR)
UT (FR)
UT (FX)

0.104 0.250 0.267 0.289 0.316
0.250 0.267 0.289 0.316
0.250 0.267 0.289 0.316
0.250 0.267 0.289 0.316

Pressure resistance coefficient

Cr = Rp/(z £ U”S)

IHI SRI UT
Fn FR FR {FR FX
0.250 | 0.891x 107} 1.150x10™]0.878«1073| 0.941 10
0.267 | 0.916 0.979 0.920 0.827
0.289 ! 1.280 1.374 1.318 1.221
0.316 | 1.803 1.998 1.866 1.786

Ll TAIK YN Y LRI
RN

.

Figures 9 through 11 show examples of the pressure distributions on the hull surface
projected on the midship section for three models of 6.0m, 4.0m and 2.5m length on
the condition of FR.

Figure 12 shows the comparison of horizontally integrated pressure for three models

of 6.0m, 4.0m, and 2.5m length on the condition of FR.

Tables 2 through 5 give the pressure coefficient on the hull suriace.
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Fig.12 The comparison of horizontally integrated pressure on the hull
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Table 2 The pressure coefficient on the hull of 6.0m model (FR)
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Table 2 Continued

Fn = 0.316 Free 1=6.0m (IHI)
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Table 3 The pressure coefficient on the hull of 4.0m model (FR)

Fn = 0.250 Free 1=4.0 m (SRI)
ST. 10.008 9.7 9.50 9.250 9.000 B.500 B8.002 7.0 7. ) ;
L _lew - Zom ZiEp s -l e~ - %% S o A,
v . -4
200 .00 008 .326 .00 .00 .000  .000  .000 . . G
2 | tooe 278 (311 216 o0 ool loom  oom ooy 22 ¢ .z o
010 1,000 .246 .274 134 (066 .00 .0Q00  .000  .008 000 | . oo e
- 1,008 .217 . .174  .053 -,109 .0 .000 ~-.068 .04 -.pI8 -.072 wh
-.120 1820 .197 (179 .154  .B4D -l105 -.162 -.146 -~.067 -.007 .02 -0 Rt
- to@ .18 .1 132 .e47 - ~158 ~-.131 -.069 -.013 -~ -.038 NERL
- 1900 (1S4 (123 290 .03 ~.073 -.131 -.111 -.078 - -.843 -.061 A
- 1000  .124 . . 002 -.978 -~.112 - - =033 ~-.@33 -. &
- 1000 . 054 o1z -ge5 - -08 -~@77 -.054 -.035 -.035 -.

- le00 . 054 813 -005 -.054 -.086 ~.07T7 - -033 - -.233 N
-.20 1.000 057 .52 .Pi1 . -.015 -.051 -.078 ~.0718 —. -03% - - N
-1.20 1.0 .063 .017 . 011 =054 ~054 -, - -038 -.023 -.p74 e
DIFFING | .00  .00E3 .0068 .O0E8  .EOST .00G6 .00G5  .0063 L0062 .00 .00 .o e ‘"é

e
a v ot
%
ST. 5.0 4.500 4.900 3.000 2.50 2.000 1.5 1.000 .70  .Sw .20 . e
L2 o .18 .20 . S . e .sm 2 e = 1% F;‘Z!‘
- "‘4
120 00 o0 000 (000 .00  .o00 .00 .e0e o0 ose  am X NS
040 00 o0 . .00 000 .00 .000 .000  .000  .008 .45  .070 AN
- -872 - -102 -, -038 -.027 - - -.038 -.031 . R
-. -033 - =103 ~. -032 -, -035 - -034 ~-.031 .037 .114 X «'»,-
-. ~-038 -.081 -. - -.041 - -.038 -.847 -.024 -.030 .042 .127 hE A
-. -6t -.072 -.031 -, -5 -, -.036 -.842 -.034 -.@24 .42 .1a4 fe s
- - - —075 -.061 -.045 -.032 -.044 -.B49 —.038 - 035 114 24
- -e52 -.057 - -@51 -.p43 -, - - -042 - ez .
- -039 -.B45 =062 -.051 -.033 ~-.035 ~.042 -.044 -.048 -.Dif8 .0i4 .00 [ 2
-0 | - - -.848 -.043 -.@38 -.035 -.939 ~. -.038 -, 010 .oz NG
-0 | -.8074 ~-.062 ~.061 -.074 -.0 - 063 -033 -.@38 -.006 -.03¢ -.018 .o
DIFPING | .O057 .00S6 .O054 .0052 .00S1  .0049 .O048 .0047 .0045 .00  .005  .00dd S

AN Y
/.A
L AW.3

e
o
Fn = 0.267 TFree L=4.0m (SRI) X
i‘- )‘.
ST. 10.000 9.7 9.500 9.2 9.000 8.500 B8.000 7.500 7.008 6.000 5.5@ 5.000 A
XA -1.000 -9 -9 -.5B B .70 -.608 -.50 -.400 -.200 -.100 .00 o
a) Y
20 [ 1000 312 .334 .oc0 .o00 .00 .000 .00 .000 .000  .000 .00 o
20 | Lo 259 .3e3 X : 000 L0080 L0080 008 .00 .od0 .
‘o | Lewo . X 513 12 . 000 .00 .00 .00 015 .02
@ | Loe 5pa .33 187 050 -.049 .00  .00@ -.i14 -.012 . 008
ize | teoo 1 177 1165 881 -.@51 ~iS5 -7 -.114 - - —053
“Z%e | Lew 1 62 .iaa . “eS3 -.13 -.1S7 -.118 @2l - = 014
-5 fee .1 127 e . Z0dy -.123 130 -.194 -.038 - =.03s
- 1006 .4 : 070 w021 -.043 -.104 -.1B1 - -0 -o22 -
ZEe | veo . 0 . i3 —.ed7 - ~s7 - Zea2 o2l -.038
~s | 1000 .053 . X 008 -.038 -.eat -.084 -.067 -.84l - <037
o | 1000 - - -020 -.003 -.036 -.073 -.085 -.089 -.042 -.020 -.03
Lm0 | 0o (086 @22  .031 .02 ~-.039 -.848 -.069 -.072 -.036 -.024 -.062
DIFING | .0O™ .007T8 .0OT7 .00TT .0076 .007S .0074 .0OT3 .00T2 .00 .OOES .08
ST. 5.000 4.500 4.000 3.000 2.508 2.000 1.500 1.008 TR .50 .20 .0
S A R (- N . X ‘6w . . B e . 1,00
2 o0 .00 .o00  .000  .000  .000 .00 .00 .000 .08 .000 .00
240 ‘022 000 .00 008 .e00 . 03 oo .e0@ .04 .eSt  .10%
-oig | - - - - -0TS -.843 -.014 -.010 .00 .001 .¢38  .116
120 | - - - - -063 -.039 -.@22 -.B13 .00l  .005  .064  .123
20

-.074 ~.045 -025 -.014 -.00t .

.25 ~-043 062 -.081 -.069 -.848 -0 -G5S - . 001 051 137

-03 -,038 =053 -.0587 -, -840 -.043 -2 -.016 .004 .B46 100

-7 -.032 ~04 - - -.846 -.035 -.024 -.017 L0065

-.036 =040 -,042 -~ . -046 -0 -.033 - 021 .035 843
. -050 =054 - -.849 -.076 -.€24 -.020 w0 -8 004 025

L0068 L0067 0066 L0064 L0083 .o0e2 L0061 LO0SD L0 . 0088 L0057

-9l4 -.043 ~.081 - -075 ~-.038 -.825 -.015 .02 % 059 .128

32

)
iy
'\‘u"‘;‘-‘-\ﬂ;‘\-‘ﬁ}-; ‘
- ~ .
3 :;‘y‘ '\.'\ .

~amana .
SN R RS LN 8
M

WA

At AT N N

- b v - [ a k.
RSO NS
-

w
-
o«




Table 3  Continued
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